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Abstract. Phase equilibrium in the Ca-Mn-Sb-O system was studied
in air at the temperature range from 1160 to 1250 °C and a pseudo-
quaternary phase diagram for the system CaO-MnO-Mn2O3-Sb2O5 is
presented. The following compounds were discovered: new antimonate
Ca7Sb2O12 with a perovskite-like structure, solid solutions
Mn2–xCaxSb2O7 (0  x  1.6) with a 3T-weberite structure, and
Introduction
Chemical phase diagrams are the most convenient form of
representation, the description and storage of information on
results of researches of interaction in multicomponent oxides
systems. They are a basis of the directed synthesis of ternary
oxides compounds as allow unambiguously and visually to de-
fine conditions of phase equilibriums, formation of new phases
in system, emergence and dissociation of solid solutions. It
makes sense to describe multicomponent systems on the basis
of experimental studies of interactions in quasidouble systems
in aggregate with the thermodynamic analysis of state dia-
grams. In the absence of thermodynamic characteristics of the
phases making system, the results of experimental studies are
a basis for the description of system.
A large number of binary and ternary oxides, as well as
solid solutions (SS) of different composition were found to
form in the quasi-ternary system Ca-Mn-Sb-O under usual
conditions. Characteristic of this system is the multivalent state
of manganese. In the ternary oxides forming this system, man-
ganese exists in the form of Mn4+, Mn3+, and (or) Mn2+ cat-
ions, and antimony exists mainly as Sb5+.[1–6] Such various
oxidation states of manganese characteristic for a wide interval
of temperatures, apparently, are defined by the chemical nature
of oxides of manganese (II), (III) and (IV), calcium, and anti-
mony as components of chemical reactions.
This system arouses considerable interest since many binary
and ternary oxides of Ca, Mn, and Sb exhibit various physico-
chemical and physical properties and serve as the basis for
developing functional materials for different applications. The
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Ca2–xMnxSb2O7 (0  x  0.23) with a 2O-weberite structure, as well
as solid solutions Ca2Mn1+xSb1–xO6 with monoclinic (0  x  0.67)
and orthorhombic (0.75  x  1) perovskite structures. The existence
of a number of double and ternary oxides and solid solutions on the
basis of Sb5+ and Mn2+, Mn3+, Mn4+ and with mixed manganese val-
ence is confirmed.
antimony pentoxide Sb2O5 is used in the production of glasses,
ceramics, paints, in textile and rubber-processing industries, as
well as in the manufacture of fluorescent daylight lamps
etc.[7–10] The complex antimony oxides K(Na)SbWO6 and
Bi3SbO7 with a pyrochlore structure,[11,12] which are charac-
terized by a high degree of disorder of their cation and anion
sublattices, are promising ion exchangers and ionic conductors.
Ionic conduction is also typical of the perovskite-like oxide
Sr0.5CaSb0.5O3–x[13,14] owing to a high level of oxygen vacan-
cies in this compound.
Complex manganese oxides attract attention due to a variety
of magnetic, electrical, catalytic, and other properties. Perovsk-
ite-like oxides with mixed manganese valence form a large
class of magnetoresistive materials. In particular, the doped
calcium manganite CaMn7O12 exhibits colossal magnetoresis-
tance[15] provoking undiminishing interest in this and structur-
ally related phases. Recently, it was shown[16] that CaMn7O12
belongs to a class of multiferroics, in which ferroelectric polar-
ization coincides with a magnetic phase transition at 90 K.
CaMn2O4 is reported[17] to be an attractive non-precious cata-
lytic material alternative to traditional Pt/C catalysts for the
oxygen reduction reaction, which may find potential applica-
tions in alkaline fuel cells and metal-air batteries.
The purpose of this work – specification available and ob-
taining new information on the crystal chemistry of ternary Ca,
Mn, and Sb oxides and phase equilibriums in private double
and threefold systems on their basis, research of possible open-
ing of new phases with useful properties.
Brief Overview of Compounds in the Ca-Mn-Sb-O System
The double system CaO-MnOx is represented by the follow-
ing Mn4+-based compounds: CaMnO3, Ca2Mn4+O4,
Ca3Mn4+2O7, Ca4Mn4+3O10, and Ca2Mn4+3O8.[1] The stoichio-
metric perovskite of CaMnO3.00 can be received by low-tem-
perature methods,[18] whereas a method of solid-phase reac-
tions leads to formation of oxygen deficient samples of
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CaMnO3–δ. From this row we didnt find data on considerable
deficiency of an oxygen sublattice of other manganites.
According to data,[2] CaMnO3 forms a solid solution with
the Ca/Mn ratio varying from 2:1 to 1:1. Later, these data have
not been confirmed. The former four compounds are stable at
high temperatures, whereas Ca2Mn3O8 decomposes in air at
810 °C.[1] In the trivalent state, manganese exists in the com-
pound CaMn2O4, on the basis of which a solid solution is
formed at high temperatures. This oxide has a marokite struc-
ture and is generally referred to as a post-spinel phase crys-
tallizing in an orthorhombic syngony.[3] At low temperatures,
several compounds with mixed manganese valence have
been synthesized (CaMn3+2Mn4+O6, CaMn3+2Mn4+2O8,
CaMn3+6Mn4+O12), which decompose above 840–940 °C.[1]
In the system MnOx-Sb2Ox under usual conditions the com-
pounds on the basis of MnO, Sb2O3, and Sb2O5 oxides are
received. Mn2+Sb2O6 existing in four different modifica-
tions[4,19,20,21] and Mn2+2Sb2O7[20,21] are formed in the Mn-Sb-
O system in air. According to the literature,[19] β-MnSb2O6
begins to decompose above 1100 °C, and at 1335 °C the re-
mainder has the composition Mn2Sb2O7 and at ca. 1450 °C
Mn3O4. α-MnSb2O6 has a columbite-type structure.[4] Trigonal
γ-MnSb2O6 was registered in mixture with Mn2Sb2O7 at
900 °C.[20] Mn2Sb2O7 has a trigonal 3T-weberite structure
above 900 °C[20] (its composition corresponds to the formula
Mn2Sb2O6.75[21]) and a cubic pyrochlore structure.[22] This
modification of Mn2Sb2O7 was obtained from the acetate
Mn(Ac)2·H2O and antimonite acid Sb2O3·H2O in air at 450 °C.
The Mn1–xSb3+1+xO4 phase (0  x  0.33) with a rutile struc-
ture was synthesized by the sol-gel method; it is stable for 14
h during heating in air to 740 °C and at 800 °C it decomposes
with the formation of MnSb2O6.[23,24] The compound
MnSb3+2O4 having a tetragonal Pb3O4 type structure and
Mn3Sb3+2O6 were produced under hydrothermal conditions.[25]
The naturally occurring mineral manganostibite[26] of the com-
position (Mn2+,Mn4+)Mn4Sb2O15 has an orthorhombic braun-
ite or hausmannite structure. The synthetic analogue of this
mineral was not obtained so far.
The interaction between calcium and antimony oxides has
not been studied in detail. At present, the compounds
CaSb2O6[5,27] Ca2Sb2O7,[4–6] and Ca6Sb3+Sb5+O10[5] were reg-
istered in the Ca-Sb-O system during synthesis in air. The for-
mula of the latter compound is written in the literature[28] as
Ca6Sb5+2O11. The crystal structure of this compound has not
been established. Ca2Sb2O7 synthesized at atmospheric pres-
sure has an orthorhombic 2O-weberite structure[29] and at a
pressure of 6 GPa[6] a cubic pyrochlore structure. Compounds
based on Sb3+ (CaSb2O4, Ca2Sb2O5, Ca4Sb2O7, Ca3Sb2O6)
and those having mixed degrees of oxidation of Sb3+ and
Sb5+[5] were obtained at low temperatures without oxidizers or
during mechanochemical treatment.[30] With increasing tem-
perature, they decompose into binary oxides based on Sb5+.
In the Ca-Mn-Sb-O system, two ternary compounds have
been described: the binary perovskite Ca2Mn3+SbO6 obtained
in works[31–35] and the mineral ingersonit Ca3Mn2+Sb4O14
identified in reference[36]. Ca3Mn2+Sb4O14 is isostructural with
Mn2Sb2O7 and has a trigonal 3T-weberite structure. States of
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oxidation of Mn and Sb in these compounds are confirmed
with structural researches, X-ray absorption spectroscopic data
and magnetic measurements.[31–35]
Up to now, the phase diagram of the Ca-Mn-Sb-O system
has not been examined. Since compounds in this system con-
tain Mn and Sb in different (including mixed) degrees of oxi-
dation, it is necessary to determine their stability regions. For
this purpose, phase equilibria diagrams are usually used. In the
ternary system Ca-Mn-O, the phase relationships were studied
in detail in air in the temperature range from 700 to 2600 °C.[1]
The introduction of antimony considerably complicates the
composition of this quasi-ternary system because of inclusion
of binary (CaxSbyOz, MnxSbyOz) and ternary (CaxMnySbzOm)
oxides and some solid solutions into this system. As some
binary compounds of Mn and Sb and Ca and Sb are formed
and exist only at low temperatures, the analysis of the
Ca-Mn-Sb-O system in this study is limited only to high tem-
peratures.
In the presented work, we tried to generalize the known
phases in the Ca-Mn-Sb-O system, as well as the new phases
synthesized by the authors, and to represent them as a pseudo-
quaternary phase diagram in the temperature range from 1160
to 1250 °C.
Experimental Section
Calcium carbonate CaCO3 and oxides Sb2O3 and MnO2 containing
minimum 99.9% of the main substance were used for sample prepara-
tion. The initial reagents were thoroughly mixed, ground, and pressed
under pressure 3000 kg·cm–2. The samples were synthesized in a KO-
14 electric furnace by stepwise annealing in the temperature range
from 900 to 1250 °C. Due to the high volatility of Sb2O3 oxide heating
of samples was carried out by with a step size of 100 °C. The calci-
nations process for the samples was performed until specimens reached
equilibrium. The phase composition of binary and ternary systems and
the purity of the synthesized products were checked using X-ray pow-
der diffraction (XRD) with a Shimadzu XRD-7000 S diffractometer.
The crystal structure refinement was carried out with the GSAS[37]
program suite using the XRD data. The XRD pattern was collected at
room temperature with a STADI P (STOE) diffractometer in trans-
mission geometry with a linear mini-PSD detector using Cu-Kα1 radia-
tion in the 2θ range 2° to 120° with a step of 0.02°. Polycrystalline
silicon [a = 5.43075(5) Å] was used as external standard. The content
of oxygen in the samples received by us determined by a method of
iodometric titration (in case samples contained antimony), or restora-
tion in hydrogen current at 900 °C. At discussion of the oxygen content
in the phases described in article the data published in original rese-
arches also were used.
Results and Discussion
A section of the phase diagram of the system Ca-Mn-Sb-O
in air at 1160–1250 °C is shown in Figure 1. The phase dia-
gram corresponding to this system is a tetrahedron with verti-
ces CaO – (MnO2) – (MnO) – SbO2+0.5O2. Bracketed are the
conventional components of the system, which do not exist in
a given temperature interval, but make it possible to determine
the compositions corresponding to figurative points of the sys-
tem. Accordingly, the conodes, being a part of the coordinates,
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Figure 1. Pseudo-quaternary phase diagram of the system
Ca-Mn-Sb-O in air at 1160–1250 °C.
in whose vertices these conventional components lie, are
marked with dashed lines. Results of investigations of two
pseudo-ternary subsystems represents in Figure 2.
Our experiments confirmed the existence of the three above-
mentioned compounds (CaSb2O6, Ca2Sb2O7, Ca6Sb2O11) in
the CaO-SbOx system. Furthermore, the data about the forma-
tion of a new compound Ca7Sb2O12 were obtained for the first
time, and its composition was confirmed by structural studies.
This compound was synthesized from CaCO3 and Sb2O3 at
1250 °C. The X-ray diffraction pattern for Ca7Sb2O12 is dem-
onstrated in Figure 3. The crystal structure of this phase was
determined in the space group P121/m1 to be perovskite-like
with monoclinic cell parameters: a = 5.6644(3) Å, b =
5.6655(3) Å, c = 7.9754(2) Å, β = 89.955(4)°. Based on the
structural data, we preliminarily have derived the oxygen-de-
ficient formula Ca(Ca0.555Sb0.445)O2.667. The composition and
structure of this phase are close to those of the monoclinic
Figure 2. Phase diagrams of CaO-MnO-Sb2O5 (on the left) and CaO-MnO2–Sb2O5 (on the right).
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compound SrCa0.3Sb0.7O3[38] [a = 5.7766(2) Å, b =
5.7837(2) Å, c = 8.17183(2) Å, β = 90.039(3)°] in the system
Sr-Ca-Sb-O. In the same system, a solid solution of the compo-
sition Sr1.45–xCaxSb0.55O3–y (0  x  1.45) with a cubic struc-
ture was produced in air at 1000 °C.[39] It was noted that at a
large concentration of calcium (x  1.1) an impurity phase
Ca6Sb2O11 appears in the samples. The X-ray diffraction
pattern of Ca7Sb2O12 contains a number of peaks of small in-
tensity which can’t be attributed to one phase from system
CaO-Sb2O5. It is probable that these peaks belong to the main
phase and testify to additional distortion or ordered of atoms
or oxygen vacancies. Further researches of crystal structure
this phase by a method of electronic diffraction and high reso-
lution electron microscopy are necessary for definition of a
true unit cell this compound.
Figure 3. The X-ray diffraction pattern for Ca7Sb2O12 at room tem-
perature.
As seen from the phase equilibrium diagram (Figure 1, Fig-
ure 2), in the Ca-Mn-Sb-O system there exist several solid
solutions based on binary and ternary compounds. The first (I)
series of SS (Mn2–xCaxSb2O7) is formed on the basis of the
Mn2Sb2O7 compound with a 3T-weberite structure, which at x
= 3 includes the ingersonite Ca3MnSb4O14. Taking into con-
sideration the data,[40] the region of existence of this solid solu-
tion is limited to 0  x  1.6. At the substitution of Ca2+ for
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Table 1. Units cell parameters of SS Mn2–xCaxSb2O7 (space group P3121).
x 0 0.67 1.00 1.50 1.6 [40]
a /Å 7.193(3) 7.237(2) 7.250(2) 7.280(3) 7.2721(3)
c /Å 17.400 (5) 17.534(4) 17.573 (5) 17.684(3) 17.843 (3)
V /Å3 779.6(3) 795.35(2) 799.88(4) 811.62(3) 817.18(8)
Figure 4. The X-ray diffraction patterns for Mn2–xCaxSb2O7 (x = 1, on the right) and Ca2–xMnxSb2O7 (x = 0.25, on the left).
Mn2+, in accordance with the sizes of these cations (rMn2+ =
0.91 Å, rCa2+ = 1.06 Å[41]), the unit cell parameters increase
(Table 1). The second (II) SS is formed by a less extended
phase based on Ca2Sb2O7:Ca2–xMnx2+Sb2O7 (0  x  0.23)[40]
with an orthorhombic 2O-weberite structure, which is sepa-
rated from the SS Mn2–xCaxSb2O7 by a two-phase region. The
X-ray diffraction pattern for SS Mn2–xCaxSb2O7 and
Ca2–xMnxSb2O7 are demonstrated in Figure 4. The cell param-
eters of these SS are listed in Table 2.
Table 2. Units cell parameters of SS Ca2–xMnxSb2O7 (space group
Imma).
x 0.33 0.25 0.00
a /Å 7.2630(2) 7.2873(2) 7.2940(3)
b /Å 10.2031(3) 10.2121(3) 10.2158(4)
c /Å 7.3759(1) 7.423 (2) 7.448(3)
V /Å3 546.6(3) 552.6(2) 555.0(2)
From Table 1 follows that parameters a and c of SS
Mn2-xCaxSb2O7 (weberite-3T type) smoothly increase in an in-
terval 0  x  1.5, and at x = 1.6 parameter a decreases, and
parameter c increases. Similar change of these parameters is
established in the literature[40] for a mineral of Ca3MnSb4O14
(x = 1.5 in Table 1) and SS Mn0.4Ca1.6Sb2O7 and caused by
features of a crystal structure. In weberite-3T there are three
independent positions (A1, A2, and A3), which host Mn2+ cat-
ions in Mn2Sb2O7. At replacement of Mn with Ca the last
consistently takes A1 and A3 positions. In results Ca2+ cations
in the mineral Ca3MnSb4O[14] are at A1 (distorted cube) and
A3 (polyhedron can be described as irregular bicapped octahe-
dron) positions and Mn2+ in A2 positions. The atoms of A2
positions are in a tetragonally distorted (2 + 4) octahedron with
axial compression along [001]. At x 1.5 A2 positions are
occupied by Ca2+ cations that leads to anisotropic expansion
of the unit cell along [001].[40]
The presence of two perovskite-like compounds (monoclinic
Ca2Mn3+SbO6 and orthorhombic CaMn4+O3) in the examined
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Figure 5. The concentration dependence of the unit cell parameters SS
Ca2Mn1+xSb1–xO6 with monoclinic (0  x  0.67) and orthorhombic
(0.75  x  1) perovskite structures.
system allowed us to suppose that either mutual SS or individ-
ual compounds with mixed oxidation states of manganese can
form on the basis of these compounds. In study[34] some com-
positions were obtained and it was concluded about the exis-
tence of two SS on the basis of Ca2Mn3+SbO6 and CaMn4+O3.
A linear increase of the unit cell volume with increasing anti-
mony concentration was observed for CaSbxMn1–xO3 (x = 0.1,
0.2, 0.25, 0.33). However, it follows from data[34] that the ratio
of the unit cell parameters for the SS of the composition
CaMn0.67Sb0.33O3 [a = 5.348(1) Å, b = 7.777(1) Å, c =
5.363(1) Å, β = 90.045(1)°] differs essentially from that for the
SS with x = 0.2 and 0.25. This gave us grounds to suggest
about possible formation of an individual compound
Ca3Mn2SbO9.
The synthesis of 11 samples performed in this study in air
at 1250 °C confirmed the formation of two series of SS with
a perovskite structure in this system: the monoclinic phase of
the composition Ca2Mn1+xSb1–xO6 (III, 0  x  0.67) and the
orthorhombic phase (IV, 0.75  x  1) (Figure 5, Table 3,
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Table 3. Unit cell parameters of SS Ca2Mn1+xSb1–xO6 (space group P121/m1).
x 0 0.10 0.13 0.20 0.33 0.50 0.67
a /Å 5.4631(3) 5.4522(2) 5.4509(5) 5.4428(7) 5.4141(4) 5.3867 5.3483(4)
b /Å 7.6969(4) 7.6603(6) 7.6490(6) 7.6034(6) 7.5692(2) 7.5380 7.5101(5)
c /Å 5.5578(5) 5.5276(7) 5.5241(5) 5.5042(8) 5.4773(4) 5.4355 5.3818(2)
β /° 90.21(2) 90.28 (2) 90.29(7) 90.31(6) 91.50 (4) 91.44(3) 90.75(3)
V /Å3 233.70(5) 231.01(5) 230.32(4) 227.78(5) 224.30 (4) 220.71(3) 216.4(2)
and Table 4). The chemical analysis showed that the content
of oxygen in samples close corresponds stoichiometric and is
defined by the formula Ca2Mn1+xSb1–xO6–δ, where δ =
0.040.02. Existence of similar deficiency of oxygen in these
SS is established also in work.[34] These results testify that
observed changes of parameters of unit cells and space group
SS are mainly caused by replacement of large cations of Mn3+
on Mn4+ having smaller sizes.
Table 4. Unit cell parameters of SS CaMn1–xSbxO3 (space group
Pnma).
x 0 (1)a) 0.067 (0.87)a) 0.095 (0.81)a) 0.125 (0.75)a)
a /Å 5.2652(1) 5.2989(2) 5.3169(3) 5.3272(3)
b /Å 7.4559(3) 7.4986(3) 7.5091(4) 7.5281(4)
c /Å 5.2830(2) 5.3134(2) 5.3158(3) 5.3214 (4)
V /Å3 207.39(3) 211.12(2) 212.35(2) 213.1(4)
a) For formula Ca2Mn1+xSb1–xO6.
The X-ray diffraction pattern of Ca2Mn1.33Sb0.67O6 was in-
dexed on the basis of the monoclinic cell with space group
P121/m1 (No. 11), Z = 4, and parameters a = 5.4137(3) Å,
b = 7.5695(5) Å, c = 5.4775(3) Å, β = 91.511(2)°, V =
224.384 Å3. The structure of CaMn0.75Sb0.25O2.93[34] was used
as starting model for the crystal structure refinement of this
phase. The observed, calculated, and difference profiles of X-
ray diffraction data refinement for Ca2Mn1.33Sb0.67O6 are plot-
ted in Figure 6.
The crystallographic data and displacement parameters are
given in Table 5, selected interatomic distances in Table 6. It
is seen that the parameters and unit cell volumes change
smoothly within the Ca2Mn1+xSb1–xO6 SS (Figure 5) including
the composition Ca2Mn1.33Sb0.67O6 (CaSb0.33Mn0.67O3 in ref-
erence[34]); the parameters of this SS differ essentially from
those reported in the literature.[34] Thus, these results show that
on the phase equilibrium diagram of the system Ca-Mn-Sb-O
the individual compound Ca3Mn2SbO9 is absent. In this con-
text, it is interesting that Ca3Mn2+Sb2O9 is not formed in this
system either, in spite of the existence of the perovskite
Table 5. Atomic coordinates and isotropic thermal parametersa) (Uiso100 /Å2) for SS Ca2Mn1.33Sb0.67O6.
Atom x/a y/b z/c Fraction Uiso100
Ca(1) 2e 0.0185(16) 0.25 0.0537(17) 1.0 2.9(3)
Ca(2) 2e 0.4770(19) 0.25 0.5197(23) 1.0 5.3(4)
Mn(1)/Sb(1) 2b 0.5 0.0 0.0 0.6666/0.3333 3.3(3)
Mn(2)/Sb(2) 2c 0.0 0.0 0.5 0.6666/0.3333 2.8(3)
O(1) 2e 0.960(5) 0.25 0.492(6) 1.0 4.6(3)
O(2) 2e 0.547(5) 0.25 0.974(5) 1.0 4.6(3)
O(3) 4f 0.3363(18) 0.012(3) 0.3439(20) 1.0 4.6(3)
O(4) 4f 0.1555(21) 0.0455(17) 0.8050(23) 1.0 4.6(3)
a) wRp = 3.26%, Rp = 2.14%, R(F2) = 7.89%.
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Figure 6. The X-ray diffraction pattern for Ca2Mn1.33Sb0.67O6 at room
temperature.
Table 6. Selected interatomic distances d /Å for Ca2Mn1.33Sb0.67O6a).
Interatomic distances Interatomic distances
Ca(1)–O(1) 3.09(3) Ca(2)–O(1) 2.80(3)
Ca(1)–O(1) 2.43(3) Ca(2)–O(1) 2.62(3)
Ca(1)–O(2) 2.58(3) Ca(2)–O(2) 3.03(3)
Ca(1)–O(2) 2.90(2) Ca(2)–O(2) 2.50(3)
Ca(1)–O(3) 2 2.93(2) Ca(2)–O(3) 2 2.17(2)
Ca(1)–O(4) 2 2.20(1) Ca(2)–O(4) 2 2.34(2)
Ca(1)–O(4) 2 2.56(1) Ca(2)–O(4) 2 2.83(1)
Mn(1)/Sb(1)–O(2) 2 1.915(4) Mn(2)/Sb(2)–O(1) 2 1.905(3)
Mn(1)/Sb(1)–O(3) 2 2.105(12) Mn(2)/Sb(2)–O(3) 2 2.034(12)
Mn(1)/Sb(1)–O(4) 2 2.152(13) Mn(2)/Sb(2)–O(4) 2 1.882(14)
Mn(1)/Sb(1)–O 2.057 Mn(2)/Sb(2)–O 1.940
a) The sum of the effective ionic radii[41]: Mn+3 IV HS – 0.645 Å,
Mn+4 VI HS – 0.53 Å, Sb+5 VI –0.63 Å, Ca2+ IX 1.18 Å, O–2 III –
1.36 Å, O–2 IV – 1.38 Å.
Ca3Co2+Nb2O9.[42] As a whole the results of
Ca2Mn1.33Sb0.67O6 structural refinement testify about a ran-
dom distribution of manganese and antimony atoms at the 2a
and 2c positions. However in the analysis of Table 6 consider-
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able distinctions in average values of interatomic distances of
Mn1/Sb2–O and Mn2/Sb2–O in octahedrons (2.057 and
1.94 Å, respectively) attract attention. Considering the sizes of
cations of Mn3+ (0.645 Å), Mn4+ (0.53 Å) and Sb5+ (0.60 Å)
in octahedral coordination,[41] it is possible to make the as-
sumption that Mn4+ cations mainly take in 2c positions.
The analyzed section of the examined phase diagram corre-
sponds to the temperature interval 1160–1250 °C. At 1160 °C,
a phase transition from hausmannite γ-Mn3O4 to cubic spinel
Mn3O4 takes place.[1] SS I is equilibrium with MnSb2O6,
CaSb2O6, SS II of the composition Ca2–xMnxSb2O7
(0  x  0.23) with an orthorhombic 2O-weberite structure,
as well as with the perovskite Ca2Mn3+Sb5+O6 and SS V of
the composition CaxMn2+1–xMn3+2O4 (0  x  0.23) with a
cubic spinel structure. The perovskite Ca2Mn3+Sb5+O6 is one
of the boundary compositions of SS III based thereon with the
general formula Ca2Mn1+xSb1–xO6 (III, 0  x  0.67). The
region of the existence of SS III contacts the region of SS IV
of the composition CaMn1–xSbxO3 (IV, 0  x  0.125), based
on the CaMnO3 perovskite structure in the figurative point of
the diagram corresponding to the composition
Ca2Mn1.833Sb0.167O6. SS III, IV, and V are equilibrium with
SS VI based on CaMn2O4 of the composition Ca1–xMn2+xO4
(0  x  0.20). Calcium manganate CaMnO3 is equilibrium
with the antimonate Ca6Sb2O11. The new calcium antimonite
Ca7Sb2O12 is equilibrium with the calcium oxides Ca6Sb2O11
and Ca2MnO4.
The question of the existence of a multivalent state of man-
ganese in isothermal conditions (1160–1250 °C) can be ex-
plained on the basis of known inorganic chemistry acid-basic
properties of Ca, Mn, and Sb oxides. The basic CaO oxide
forms double compounds of Mn4+ and Mn3+ with subacid
MnO2 oxide and with amphoteric Mn2O3 oxide, respectively.
The basic MnO oxide reacts with acid Sb2O5 oxide. Formation
of ternary oxides Ca2MnSbO6, Ca3MnSb4O14, and the solid
solutions Ca2–xMnxSb2O7, Mn2–xCaxSb2O7, Ca2Mn1+xSb1–xO6
containing Mn2+, Mn3+, and Mn4+ cations and a mixture of
Mn3+ and Mn4+ cations can be explained in this way.
Conclusions
(a) In this work generalized known and new phases in the
Ca-Mn-Sb-O system are presented in the form of a pseudo-
quaternary phase diagram in the temperature range from 1160
to 1250 °C.
(b) In the binary CaO-Sb2O5 system the new phase
Ca7Sb2O12 is received for the first time. It is shown
that this phase has a monoclinic perovskite structure
Ca(Ca0.555Sb0.445)O2.667, and is characterized by the large
number of vacancies in an oxygen subsystem and is of interest
to further researches for the purpose of its use as a material
with high ionic and electronic conductivity.
(c) The synthesis and crystal chemical analysis of solid solu-
tions with the structures weberite-3T (Mn2–xCaxSb2O7), we-
berite-2O (Ca2–xMnxSb2O7), and Ca2Mn1+xSb1–xO6 with mo-
noclinic (0  x  0.67) and orthorhombic (0.75  x  1)
perovskite structures is carried out.
www.zaac.wiley-vch.de © 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim Z. Anorg. Allg. Chem. 2013, 2657–26632662
(d) The existence in isothermal conditions (1160–1250 °C)
of a multivalent state of manganese was explained on the basis
of acid-basic properties of Ca, Mn, and Sb oxides.
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